Abstract. The European Union Water Framework Directive requires that all member states assess the status of their coastal areas and develop or use existing classification systems to support future monitoring. To set the quality assessment system for the Estonian coastal sea, the composition of modern zoobenthic communities was compared to the communities from the 1950s-1960s. Sensitivity values of benthic taxa were determined, and the macrozoobenthic community index ZKI and boundaries for the classification system were developed. The ZKI index was further validated against nutrient loads and the spatial location relative to pressure, represented by the Baltic Sea Pressure Index (BSPI). High variability in Ecological Quality Ratio assessment results was found for both ZKI and brackish water benthic index (BBI) based assessments. However, in the study area, ZKI assessments fluctuated to a smaller extent and displayed a better correlation with the BSPI than the BBI assessments.
INTRODUCTION
The European Union Water Framework Directive aims at protecting, enhancing, and restoring all bodies of surface water with the ultimate aim of achieving good surface water status by 2015. In order to implement the directive, all member states have to assess the status of their coastal areas and develop or use existing classification systems to support future monitoring. Consequently, classification will be a key part of the implementation of the Directive (European Commission, 2000) .
It is known that aquatic ecosystems are complex mixtures of plants and animals. Aquatic systems may respond to variations in their physical, chemical, and biological environments in many very different ways because these assemblages typically include organisms with a wide range of physiological tolerances, feeding modes, and trophic interactions (e.g. Bonsdorff & Pearson, 1999; Kotta et al., 2008) . This is also the reason why plant and animal assemblages are rarely similar between sites, and their interactions with prevailing physical, chemical, and biological environments determine their responses to human-induced stresses (Kotta et al., 2007; Veber et al., 2009; Lauringson et al., 2012) . Classification systems seek to describe all these interactions and artificially divide the observed continua into discrete classes using statistical manipulations. While classification systems have considerable value as management concepts, it has to be remembered that they are at best an approximation of actual ecological quality (e.g. Southworth et al., 2004; Bolliger & Mladenoff, 2005) .
In the northeastern Baltic Sea, harsh environmental conditions result in a low number of benthic species (Bonsdorff & Pearson, 1999) ; nevertheless, these species can be considered very tolerant to various disturbances including anthropogenic stresses (Kotta et al., 2007 ). Thus, it becomes of utmost challenge to separate natural variability from human-induced changes that have occurred since the socalled pre-eutrophication era. In fact, benthic studies in the pre-eutrophication era are rare and often hampered by the lack of quantitative estimates (see also Kotta & Kotta, 1995; Eriksson et al., 1998; Kovtun et al., 2009) . The extent to which the benthic life has deteriorated compared with the pre-eutrophication era is difficult to assess given the lack of comprehensive data sets. In this respect, the earlier documentation by A. Järvekülg in the Central Databases of the Estonian Marine Institute provides a unique opportunity to compare the benthic macroinvertebrate communities over the last 50 years, and these data can be used to record the sensitivity values of zoobenthic taxa as well as to define the high quality status for zoobenthic communities.
Biological water quality indices developed for the brackish water conditions raise the issue of the Estuarine Quality Paradox, as estuaries are naturally highly stressed environments and inhabited by stress-tolerant biota (Dauvin, 2007; Elliott & Quintino, 2007 ) that has to cope with both high natural loads of organic matter and decreased salinity. The most widely used biotic indices such as Marine Biotic Index (AMBI) and biological quality index (BQI) were developed for marine areas, and their use in brackish waterbodies has been found problematic in several cases (Borja et al., 2009; Munari & Mistri, 2010) . The salinity in the Baltic Sea ranges from over 25 in the entrance to less than 1 in the innermost ends and represents the main large-scale structuring factor for benthic communities (Voipio, 1981) . The salinity gradient has caused problems in using the Shannon diversity index (H′), AZTI's AMBI, and BQI in the more saline southern part of the Baltic Sea (Zettler et al., 2007) , and problems were also encountered in using the AMBI in the less saline, very species-poor part of the sea (e.g. Perus et al., 2007) .
In the Baltic Sea, several modified approaches have been tested for the ecological quality assessment in recent years (Perus et al., 2007; Fleischer & Zettler, 2009; Josefson et al., 2009; Leonardsson et al., 2009 ). The spatially nearest ready index solution is the Finnish brackish water benthic index (BBI), which is used at the northern side of the Gulf of Finland (Perus et al., 2007) . Although the BBI is not based on historical data, it resembles the zoobenthic community index (ZKI) in that area-specific sensitivity lists of zoobenthic species are used. The BBI index uses the sensitivity list of Swedish BQI, as the BBI incorporates the BQI formula. Contrary to the ZKI, relative abundances instead of biomasses are used in BBI calculations. However, the Finnish coastal region differs from the Estonian coastal sea in climate, salinity, and/or hydromorphological features like the complexity of coastline and bottom topography. It is yet unknown whether functional responses of zoobenthic communities to eutrophication also differ between these areas.
In this study we give an overview of long-term changes of benthic invertebrate communities in the Estonian coastal range and seek whether the changes can be attributed to regional eutrophication. In order to do so, the composition of the modern zoobenthic communities was compared to the communities from the 1950s-1960s. Based on the observed changes, each taxon was given a sensitivity value. The macrozoobenthos community index ZKI was built and boundaries for the classification system were developed. The variability of the ZKI index in relation to different pressure indicators was described. Finally, the ZKI and BBI index assessments were compared in relation to the Baltic Sea Pressure Index (BSPI) gradient in the southern Gulf of Finland.
METHODS
The study area is located in the northeastern Baltic Sea and consists of the coastal part of Estonian territorial waters. This is a large ecosystem with strong seasonality in temperature, oxygen, and light conditions. There exists also a spatial salinity gradient from west to east. According to the hydrological regime, the study area is divided into 16 waterbodies sensu the European Union Water Framework Directive (WFD), and the assessment of the ecosystem state is made by these basic WFD management units (Fig. 1) .
Two data sets were used in this study. The historical data set was collected by Arvi Järvekülg in 1959 -1967 , and the modern data set was collected by the Department of Marine Biology at the Estonian Marine Institute in 1996-2010. Historical data cover all Estonian waterbodies sensu WFD except for 3 and 15. These two waterbodies are very small compared to other waterbodies and it is most likely that information from the adjacent sea is adequate for the description of reference conditions of these waterbodies. Modern data cover all the waterbodies.
Altogether 526 benthos samples were collected in the 1950s-1960s and 2353 samples in the 1990s-2000s. The depth at the study stations was 5-30 m and the sediments were soft, including mixed sands. Historical studies took place before the explosive increase in agricultural activities in the 1970s and 1980s in the Eastern European countries. At that time, no symptoms of system-wide maninduced acceleration of eutrophication were detectable in the northeastern Baltic Sea (Kotta et al., , 2008 . Elevated nutrient loads from a few larger point sources and rivers resulted in an increased biomass of benthic invertebrates only locally (Kotta & Kotta, 1995; Kotta et al., 2008) . For this reason, Pärnu, Tallinn, and Narva bays (corresponding to water bodies 13, 6, and 1, respectively) from the vicinity of large towns or mouths of rivers were excluded, and adjacent waterbodies with similar salinity, temperature, and exposure regimes were used as reference areas. The historical methodology matched the modern methodology in terms of grab types, mesh size, and laboratory procedures. Ekman (sampling area 0.02 m 2 ) or Van Veen (sampling area 0.1 m 2 ) types of grabs were used, and samples were sieved on the mesh size of 0.25 mm. An earlier pilot study showed that the used grabs catch benthic invertebrates at similar efficiencies on the studied soft bottoms resulting in no statistical differences in invertebrate species biomasses among grabs. After collection, the samples were frozen until analysis. In laboratory, animals were determined to species level, except Oligochaeta, Ostracoda, Pisidium and Sphaerium clams, leeches, insect larvae, and juvenile gammarids. Animals were counted with binocular microscope, dried at 60 °C for two weeks, and then the dry weight was measured. In order to avoid a bias towards the status of biomass dominants (i.e. bivalves such as Cerastoderma glaucum, Dreissena polymorpha, Macoma balthica, Mya arenaria, and Mytilus trossulus), the dry shell-free biomass of bivalves was used in the calculations. If such information was not provided by monitoring, we obtained the ratios of shell-free to total dry mass using the central database of the Estonian Marine Institute, which has an extensive data set of morphometrical measurements of bivalves (i.e. the coefficients are based on more than 20 000 measurements on shell length, shell mass, and shell-free mass). The derived coefficients were as follows: Cerastoderma glaucum = 0.45, Dreissena polymorpha = 0.07, Macoma balthica = 0.38, Mya arenaria = 0.48, and Mytilus trossulus = 0.16.
The sensitivity values of invertebrate taxa were calculated using ANOSIM and SIMPER procedures of the PRIMER version 6.1.5 (Clarke & Gorley, 2006) . Invertebrate biomass data were not transformed. Similarities between each pair of samples were calculated using a zero-adjusted Bray-Curtis coefficient. The statistical differences in the dominance structure of benthic invertebrate communities among the historical and modern data sets were assessed using ANOSIM analysis. SIMPER analysis was used to describe the changes in the biomasses of benthic invertebrate taxa among the study periods. Non-metric multidimensional scaling analysis (MDS) on benthic invertebrate biomasses was used to visualize dissimilarities in the community composition of benthic invertebrates in the last 50 years. Based on the literature (e.g. Järvekülg, 1970; Kotta & Kotta, 1995; Leonardsson et al., 2009 ) and this comparison, invertebrate species were divided into three groups reflecting their sensitivity to eutrophication. Groups 2 and 3 were defined based on the difference between past and present conditions. The species whose relative biomass was smaller in modern samples compared to the historical data set were considered as sensitive to human disturbance, and these species form group 3. Group 2 consisted of species whose relative biomass in similar habitats has either remained the same or was higher nowadays compared to the historical data set. However, group 2 species cannot stand heavily disturbed conditions (e.g. elevated loads of organic matter, frequent occurrence of hypoxia, presence of drift algae, etc.). Group 1 was formed of opportunistic taxa that are able to form single-species associations or highly dominate communities under heavily disturbed conditions. Information on such taxa was obtained from the literature (Leonardsson et al., 2009) . The indicative values of invasive species (those established later than the 1960s) were obtained either from the literature and/or functional relationships between nutrient load and species biomass data collected in the 1990s and 2000s.
The Pearson-Rosenberg model (Pearson & Rosenberg, 1978) of the community succession at a gradient of organic enrichment was used as the theoretical basis for the ZKI. According to the model, a progressively greater carbon loading results in increased productivity, loss of species diversity, dominance of opportunistic species, but a too high level of carbon loading leads to the disappearance of benthic invertebrates due to anoxia.
The ZKI was then validated against a pre-known pressure gradient. To indicate the intensity of local human pressures, the Baltic Sea Pressure Index (BSPI) (HELCOM, 2010) and annual nutrient loads to respective waterbodies were used (Table 1 ). The BSPI index is assigned to every 5 km × 5 km spatial unit, and it combines several pressure metrics, including atmospheric deposition of nitrogen over the years [2005] [2006] [2007] shipping estimates, and accounts for human population density. The combination of several metrics increases the robustness of the BSPI, and the BSPI was considered a satisfactorily adequate measure to be used as an indicator of spatial pressure gradient in the study area. Data on the annual point source and riverine loads of total N and total P to the different waterbodies of the Estonian coastal sea in 1996-2010 were obtained from the Estonian Ministry of Environment. These data represent a proxy of the inter-annual variability in the amount of nutrients arriving at the study stations. We applied data from 1996 to 2010 in the validation process. In addition, we applied separately the values of the ZKI from the year 2007 to match the temporal range of data that were used to calculate the BSPI. The spring and early summer benthic community data were chosen for the validation procedure in order to exclude the seasonal variability in the ZKI. The ZKI was related to waterbodylevel annual nutrient loads in the whole study area and also separately in two subregions. Spearman correlations of the ZKI with the BSPI and nutrient loads were calculated using the statistical package Statistica (StatSoft, 2011) .
The principle of the whole water quality assessment procedure is to measure deviation from the reference conditions. According to the normative definition of the WFD, reference conditions represent a status with no or only minor anthropogenic impact. Ecological status assessments shall permit classification of waterbodies into five classes -poor, bad, moderate, good, and high (European Commission, 2000; Torn & Martin, 2011) . The boundary values for the zoobenthos quality element in the Estonian coastal sea were set following a mixed protocol. High/good (H/G) and good/moderate (G/M) boundaries were derived from the variability of metrics at historical reference sites or modern leastimpacted sites as described below. Moderate/poor (M/P) and poor/bad (P/B) boundaries were set by an equidistant division of the remaining ZKI gradient.
As natural variability in the ZKI is high (Lauringson et al., 2012) , the H/G boundary is based on the lower tail (20th percentile) of the natural variability in the years 1960-1965 in historical near-reference communities from sites far away from local pollution sources and assumedly with a low diffuse pollution loading. The historical data set was bootstrapped for 10 000 times, 20 stations were picked randomly with replacement every time, using the statistical package R (R Development Core Team, 2011). The mean values of these bootstrapped data sets (each with 20 values) were calculated. The lower 20th percentile of the distribution of these mean values was set as the H/G boundary.
The G/M boundary is based on the lower 20th percentile of the variability in the present-day communities from sites at some distance from local pollution sources (see Fig. 1 ). Such sites are supposedly subject to both natural forces and diffuse human impacts, which generally cannot be resolved by environmental policy measures of just a single country. For the G/M boudary, 75 data points were picked from the years 1997-2010 from areas with no direct local human impact. A similar bootstrapping procedure was used as for the H/G boundary.
The results did not vary at bootstrapping sample sizes from 15 to 30. The bootstrapping sample size 20 was selected to match the number of samples in the later assessment procedure. It must be mentioned that in the later assessment procedure of EQRs, similar sample sizes should be used as when setting the boundaries (15 to 30 benthic samples per waterbody).
RESULTS
Comparison of the past and present benthic invertebrate communities showed that regardless of some overlap, the structure of benthic invertebrate communities significantly differed between the studied periods (ANOSIM p < 0.001, Fig. 2 ). As seen from the graph, the present communities are more uniform (shown by their lower between station dissimilarities/distances) compared to the past communities. Besides, the total invertebrate biomass systematically increased in all waterbodies. The majority of polychaetes and molluscs (both bivalves and gastropods), as well as some crustacean species, significantly increased their biomass and biomass proportion within invertebrate communities along the human-induced stress gradient including eutrophication. The largest differences were due to the bivalves and gastropods Mytilus trossulus, Macoma balthica, Mya arenaria, Cerastoderma glaucum, Theodoxus fluviatilis, and Dreissena polymorpha. While M. trossulus increased its biomass in western waterbodies (more saline, characterized as frontal areas), other species increased their biomasses in more sheltered waterbodies. The increase in the biomass of M. trossulus exceeded manifold that of the other invertebrate species (SIMPER analysis). Mainly crustacean species decreased in biomass in the course of the study period. Among the studied species, only Monoporeia affinis systematically declined its biomass in all the studied waterbodies. Nevertheless, the observed decline was minor compared to the increasing trends of the species mentioned above (SIMPER analysis).
No species had disappeared in the study area from the 1950s onwards. A few invasive species had established in the Estonian coastal sea since the 1970s. Most important invasive species were Marenzelleria neglecta, Gammarus tigrinus, Chelicorophium curvispinum, and Pontogammarus robustoides (SIMPER analysis). As the distribution area of those species often coincides with highly eutrophicated sites, those species are considered to gain from eutrophication. The results of all these analyses are summarized in Table 2 , which lists all benthic invertebrate taxa observed in the Estonian coastal range and their sensitivity to human-induced eutrophication and organic enrichment.
The Estonian water quality classification system for surface waters is based on type-specific reference conditions. Thus, the index incorporates the waterbodyspecific information on species composition. The diversity term takes into account the number of species at the station and compensates this diversity term for salinity gradients. The compensation term max S is based on waterbody-specific maximum values for the number of species calculated from the entire content of the 
where Class i is the ratio of the sum of the dry weights of the species belonging to Class i to total invertebrate biomass at the station; S is the number of species/taxa per grab; max S is the waterbody-specific value of the maximum number of species per grab.
Class 1 designates opportunistic taxa that are able to form single-species associations or highly dominate communities under heavily disturbed conditions. Class 2 includes taxa that are indifferent to or favoured by moderate eutrophication, but cannot tolerate heavily disturbed conditions. For taxa of Class 3, eutrophication is unfavourable.
The values of the ZKI vary between 0 and 1 and the index increases with the health of communities.
In all regions, the ZKI correlated with N and P loads from point sources (Table 4 , Fig. 3 ) and also with P loads from the riverine sources in all areas except the Gulf of Finland (Spearman R, p < 0.05). In addition, the ZKI correlated with the BSPI separately in the Gulf of Finland and in the rest of the study area (Spearman R, p < 0.05, Fig. 4 ). When samples from the Gulf of Finland and the rest of the study area were pooled, this effect disappeared. The large scatter is due to the interannual variation of benthic invertebrate communities. Although the BSPI is the best available human-induced pressure metric in the northern Baltic Sea region, it takes into account the spatial variability but not the temporal trends in pressures.
For the calculations of the Ecological Quality Ratio (EQR) of a waterbody, the ZKI values for all the replicates from the waterbody were calculated separately. Then these ZKI values were averaged, and the mean value was divided by the reference value 0.74. The reference value is the maximum ZKI value from a single data point in the historical data set.
The quality status of macrozoobenthos of a waterbody was determined by comparing the EQR of macrozoobenthos quality element to the boundary values. The boundary values for the Estonian coastal sea were set as described in the Methods section and are as follows: 0.31 -borderline between the high and good water quality classes, 0.22 -good/moderate borderline, 0.15 -moderate/poor borderline, and 0.08 -poor/bad borderline.
There are certain criteria that need to be fulfilled for a correct macrozoobenthos quality assessment: (1) The EQR calculation should be based on at least three grab sampling stations replicated three times. (2) Stations should be representative of each waterbody.
The obtained ZKI EQR ranks correlated with the median BSPI values in the Gulf of Finland waterbodies 1 to 5 (Spearman R = -0.4, p < 0.05; Fig. 5 ). The BBI EQR ranks in these waterbodies did not correlate with the BSPI, and the BBI EQR values showed higher variability at the BSPI gradient than the ZKI EQR values (Spearman R, p > 0.05; Fig. 5 ). 
DISCUSSION
In this study we presented and validated a new index and quality assessment system based on benthic invertebrates for the Estonian coastal sea according to the requirements of the WFD. The classification process was used to assign the status class of water quality to each surface waterbody. Such class value represents an estimate of the degree to which the benthic invertebrate communities have been altered by all the different pressures to which that body is subject. Thus, the current classification scheme reflects the impacts of a much wider range of pressures on the water environment than for example eutrophication.
Salinity gradient is widely known as a factor of utmost importance for the biota in the waterbodies of the Estonian coastal sea, and its impact on the performance of benthic indices has been already corroborated in the Baltic Sea scale (Zettler et al., 2007) . In addition, previous studies have demonstrated that benthic invertebrates inhabiting frontal areas exhibit different relationships with nutrient loads than the communities inhabiting waterbodies with a longer residence time (Kotta et al., 2007) . The inclusion of the waterbody-specific reference value into the ZKI equation accounts for such variability in hydrographical conditions and allows a comparison of the health of benthic invertebrate communities across different waterbodies.
Our study demonstrated the value of the long-term data set that the Estonian Marine Institute sustains, and such continuity provides a basis for understanding the spatio-temporal patterns of benthic invertebrate communities as well as developing and implementing water quality indices. Recent studies have shown that historically benthic invertebrate communities strongly responded to changes in abiotic variables such as salinity. Since the 1970s, however, the increasing levels of nutrients in seawater resulted in a large scatter of data on the salinity-biota plots (Kotta et al., , 2007 . Moreover, in the most eutrophicated regions benthic invertebrates did not respond to the change in salinity any more, instead the species biomasses were a function of nutrient loading (Kotta et al., 2007 (Kotta et al., , 2008 . As benthic invertebrates represent an intermediate trophic level, the observed patterns are due to changed habitat quality as well as feeding conditions (e.g. Kotta & Møhlenberg, 2002; . In general, increasing nutrient loads lead to algal blooms and intensified sedimentation of organic material (Paalme et al., 2002) . Improved food conditions promote higher invertebrate biomasses (Kotta & Ólafsson, 2003 . Too high a nutrient loading, however, results in hypoxia (Conley et al., 2011) and regime shifts in communities (Karlson et al., 2002) .
It is interesting to note though that even at the highest loads of nutrients benthic invertebate communities in the Estonian coastal sea remained largely unchanged in terms of species composition, and there were almost no species that could be ranked as sensitive to disturbance. It is widely acknowledged that the coastal ecosystem of the Baltic Sea is very dynamic and characterized by high physical disturbances (Bonsdorff et al., 1996; Kotta et al., 2008) . Therefore, it is likely that stress tolerant species of the Baltic Sea can easily cope with various disturbances including eutrophication. Although increasing nutrient loads resulted in elevated biomasses of mussels, our study revealed no clear shifts in communities (i.e. the disappearance of most species and the dominance of chironomid larvae), as observed along the coasts of Finland and Sweden (e.g. Rosenberg, 1985; Bonsdorff et al., 1997a Bonsdorff et al., , 1997b . Thus, the loading of organic matter poses no clear threat to benthic invertebrate communities unless hypoxia or anoxia is developed. Although the coastal zone of the Baltic Sea displays a widespread unprecedented occurrence of hypoxia and an alarming trend with hypoxia steadily increasing with time since the 1950s, the Estonian coastal sea seems exceptional in terms of oxygen dynamics (Conley et al., 2011) . Plausibly, the strong ventilation by bottom currents keeps sediments in a healthy state.
In the 1990s and 2000s increasing intensity of the establishment of nonindigenous species was observed in the Estonian coastal sea (Ojaveer et al., 2011) . All these invasive species displayed either stable or abrupt increases in biomass over time. Some of the invasive species led to prominent structural changes in invaded communities and a considerable reduction or even local disappearance of native species (Kotta et al., 2001 (Kotta et al., , 2010 Kotta & Ólafsson, 2003) . Considering the ephemeral character of most invasive species, the observed increasing trend in the establishment of non-indigenous species poses a serious threat to the health and stability of benthic invertebrate communities. Unfortunately, this risk cannot be reduced using local measures such as counteracting the effect of eutrophication or trying to eradicate already established invasive aquatic species.
The boundary values set using the lower 20th percentile of the distribution might arguably mean that we draw the H/G and G/M boundaries (and thus also the other two) too low. On the other hand, for example our H/G boundary is such that in one occasion out of five we are likely to classify the waterbody into a lower category than it actually belongs to. It would, of course, be desirable to be able to estimate the probability of failing to classify a waterbody into one of the three lower categories when it in fact belongs there, but due to the nature of the data such an estimation cannot be made as we do not know which waterbodies actually belong to these classes.
At the highest BSPI values, the EQR showed results ranging from poor to good quality in our data set. This can raise a justified question about the accuracy of the water quality estimation provided by the ZKI. However, EQR values based on another index used in the northeastern Baltic Sea (BBI) show even a wider range of variability (Fig. 5) . We think that no zoobenthic index for the northeastern Baltic Sea could be considered a comparably sensitive tool to any zoobenthic index developed for and used in more saline or freshwater areas.
A serious reduction in the number of species can be observed while moving eastward along the salinity gradient in the Baltic Sea. Besides, the species that survive in the eastern Baltic Sea do not represent a random subset but are the most eurytopic and tolerant selection of taxa. Such selection cannot be assumed to display a similar sensitivity towards anthropogenic disturbances as substantially more species-rich associations from euhaline areas.
Another problem is that zoobenthic water quality indices have been shown to be sensitive to natural disturbances even at fully marine, species-rich, and thereby supposedly much more sensitive systems than the northeastern Baltic Sea. For example, index assessment results have been shown to fluctuate over a range of 3 (out of 5) quality classes in a relatively unimpacted site in the southern North Sea in relation to climatic variability (Kröncke & Reiss, 2010) . Thus, we definitely cannot assume the communities in the present study area, which are composed of a selection of the most eurytopic taxa, to be driven solely by anthropogenic factors.
Indeed, benthic communities in the northeastern Baltic Sea are shown to be related to both the variability in nutrient loads and in climatic factors (Veber et al., 2009; Lauringson et al., 2012) . The community composition may also depend on difficult-to-predict factors such as stochastic settlement events, drifting detached annual algal accumulations, and patchy predation by vertebrate (fish or waterfowl) predators.
In addition, most of the present study area has a very good water exchange, even at locally polluted sites, which further impairs the linkage between anthropogenic drivers and benthic community composition. Also, the spatial location relative to pressure, described by the BSPI, represents a disturbance indicator temporally integrated over several years, while anthropogenic factors display yearly fluctuations, adding to the noise in the present analysis. However, despite the climatic forces, the fluctuations in anthropogenic pressures and the variability from other/unknown sources, a relationship between the BSPI and the community composition relative to sensitivity groups still occurred in the study area. The high variability in the ZKI values was also evident in the historical data set used as a reference in the present study. This hints at the necessity to take into account the natural variability of communities while deriving or modelling alternative reference conditions, especially for dynamic and physiologically challenging environments like the Baltic Sea.
The ZKI performed better in the study area than the BBI. The different performance of these two indices may result from differences between Finnish and Estonian environmental conditions, including both salinity levels and coastline complexity. A similar level of pollution may for example result in an increase in benthic biomass due to the high biomass of the bivalve Macoma balthica at flat, shallow, and oxygen-rich sea areas characteristic of the present study area (Kotta & Kotta, 1995) but lead to the formation of azoic sediments or a small remaining biomass of chironomid larvae in bottom cavities of enclosed bays at the highly mosaic coastline of the Finnish Archipelago area (Leppäkoski, 1975; Bonsdorff et al., 1991) . As the ZKI is based on invertebrate biomasses not abundances, it is possible that the lack of truly sensitive indicator species is slightly compensated for by the increase in the biomass (but not necessarily the abundance) of pollutiontolerant species like M. balthica in the middle range of the pollution gradient common in the study area. Faunal responses to pollution in Finnish and Estonian coastal areas with similar types of coastline may differ due to different salinity levels and also depending on the origin of the taxa (e.g. Leppäkoski, 1975; Fleischer & Zettler, 2009 ). Salinity differences may become important also technically, as the waterbody-specific species richness is taken into account in the ZKI formula, while national type area-specific species richness is taken into account in the calculation of the BBI EQR values. A spatially large national type area may, in turn, cover an important spatial salinity gradient. Different natural stressors have led to the understanding that the consequences of eutrophication can take different pathways in different parts of the Baltic Sea, meaning that the Baltic Sea cannot be regarded as a uniform waterbody in modelling the consequences of human impacts (Rönnberg & Bonsdorff, 2004) .
Although the BSPI seems to describe satisfactorily the state of the environment within the Gulf of Finland and within the rest of the Estonian coastal sea separately, comparison of biological data between these two regions shows an apparent mismatch in the BSPI values. Indeed, in the coastal area of the Gulf of Finland, the status of benthic communities is good and even high at BSPI values above 60. Such pressure values are hardly met in the coastal sea areas outside the Gulf of Finland. Therefore, we suggest that the values of the BSPI at the southern side of the Gulf of Finland may be unjustifiably high, which will cause problems if we wish to translate these human pressure values to the human impact on biological communities. As a difference from an assumption of the BSPI, the loads from the Neva River are less important at the southern than at the northern side of the gulf, or alternatively, the loads may be mostly accumulating in the deeper area and affect less the coastal biota at both sides of the gulf. Here we suggest that BSPI values within and outside the Gulf of Finland in the Estonian coastal sea form two different groups, which should be treated separately when comparing the BSPI with biological data, including the validation of biological water quality indicators.
Our study demonstrates that benthic invertebrate communities (in terms of EQR values) correlate with the integrated anthropogenic pressure metrics BSPI and nutrient loads in the study area. This suggests that the ZKI captures the variability of the environmental health. Considering the large variability of the abiotic environment in the Baltic Sea, however, it is acknowledged that the ZKI responds besides human-induced pressures to other stressors such as climate change (Lauringson et al., 2012) . The relative magnitude in the human-and naturallyinduced variability needs to be resolved in future studies as assessments are likely to become misinterpreted if knowledge about the natural variability is lacking.
